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(54) FLOATING INSTALLATION FOR UTILIZING WAVE ENERGY AND AUTONOMOUS 
CATAMARAN WITH SUCH AN INSTALLATION

(57) The invention relates to special purpose ma-
chinery, particularly energy generating installations, and
the integration thereof into transportation means, and al-
so relates to the field of boat building. A floating installa-
tion for utilizing wave energy comprises floats and a
means for converting wave energy, and further includes
small frames which are kinematically connected to a rec-
tangular frame and correspond in number to the number
of floats. Each float is movably connected to a small frame
by two parallel, horizontally arranged levers, namely a
primary lever and a secondary lever. The means for con-
verting wave energy into electrical energy comprises a
hydraulic accumulator, a hydraulic motor, an electric gen-
erator and double acting hydraulic cylinders. An auton-
omous catamaran comprises floats, which are connected
to a rectangular frame, and a catamaran drive, connected
to the frame. The catamaran further comprises frames
which are kinematically connected to the rectangular
frame, and the catamaran drive is configured to convert
wave energy into electrical energy and comprises a hy-
draulic accumulator, a hydraulic motor, an electric gen-
erator, an electric drive with a screw propeller, and double
acting hydraulic cylinders. An electrical output of the hy-
draulic motor is galvanically connected to a winding of
the electric drive, and the screw propeller is mounted on
the shaft of said electric drive. The result is a reduction

in the resistance of the floats to oncoming waves.
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Description

[0001] The proposed inventions relate to a special pur-
pose machines, particularly, power generating assem-
blies and their integration into vehicles; as well as to ship-
building, namely to a floating assembly for use of (prima-
rily sea) waves energy, and to a design of autonomous
catamaran comprising such assembly.
[0002] Based on the number of essential features, the
closest analog of the proposed assembly is the floating
assembly for wave energy use, such assembly compris-
ing floats connected to a rectangular frame and the
means for wave energy transformation to electric energy
[Invention patent No. 2041385, Russia, IPC 6
F03B13/20, published on 09.08.1995]. The assembly al-
so comprises horizontal and inclined plates located under
water and intended to reduce vertical mobility of the as-
sembly.
[0003] However, such underwater water horizontal
and inclined plates significantly increase the assembly
resistance to oncoming waves and so requires the use
of enforced anchor-cable system and imposes additional
requirements on the strength of the hinges and arms,
thus increasing the cost of the assembly and reducing
its reliability.
[0004] Based on the number of essential features, the
closest analog of the proposed assembly is an autono-
mous catamaran comprising floats attached to a rectan-
gular frame and a drive connected to the frame [C-Enduro
catamaran. Information obtained on 22.06.2016 from the
site http://hi-news.ru/research-development/avtonom-
nyj-katamaran-otpravilsya-issledovat-keltskoe-
more.html].
[0005] The drive of the described catamaran is in-
stalled on the deck and uses only solar energy, which,
does not ensure reliable catamaran operation during fall
and winter seasons. In addition, floats rigidly attached to
the rectangular frame increase the vessel resistance to
oncoming waves, which may cause even capsizing of
such vessel, and, therefore, the reliability of the vessel
is insufficient.
[0006] The proposed inventions are aimed at creating
more reliable floating assembly and autonomous cata-
maran comprising such assembly.
[0007] The problem is solved by creating conditions to
reduce floats resistance to oncoming waves through uni-
form continuous distribution of the assembly and/or cat-
amaran own weight among the four floats, while providing
full mechanical connection between the floats in the proc-
ess of wave energy conversion.
[0008] Similarly to the floating assemblies known in the
art, the proposed floating assembly for wave energy use
comprises floats attached to a rectangular frame and
connected to a means for converting wave energy into
electric energy, while the assembly according to the in-
vention additionally comprises small frames kinematical-
ly coupled with the rectangular frame, the number of said
small frames is equal to the number of the floats, and

each float is movably connected to the small frame by
two parallel horizontally arranged arms, main and auxil-
iary ones, wherein in the top view the floats are arranged
in a snake-like pattern, they alternate along parallel sides
of the rectangular frame and are offset from each other,
for example as follows: the first right one is pivoted on
the arms forwards, the second left one is pivoted on the
arms backwards, the third right one is pivoted on the arms
forwards, the fourth left one is pivoted on the arms back-
wards, the main and auxiliary arms of each float are con-
nected, respectively, to the main and auxiliary torsions
of the assembly, main arms of the front and rear float
pairs are interconnected by a rod with the possibility of
their synchronous rotation in one direction, wherein the
rod of the front arms pair is located on top and the linkage
arms have upward orientation, the rod of the rear arms
pair is located below and the linkage arms have down-
ward orientation, the front and rear pairs of main arms
are interconnected by a linkage rod with the possibility
of their synchronous rotation in opposite directions, and
the means for converting wave energy into electric en-
ergy comprises a hydraulic accumulator, a hydraulic mo-
tor, an electric generator and double-acting hydraulic cyl-
inders, one of said double-acting hydraulic cylinders is
located between the linkage rod and the rectangular
frame, while the others are located between the main
and auxiliary arms of each float, and are intended to
transform mechanical energy resulting from floats up and
down movements and/or their swinging in the head-stern
direction into the energy generated through power fluid
pressure change in the hydraulic cylinder chambers in
the process of piston movement and accumulated in the
hydraulic accumulator, the output of which is connected
to the hydraulic motor kinematically coupled with the
electric generator shaft.
[0009] Similarly to the autonomous catamaran known
in the art, the proposed autonomous catamaran compris-
es floats attached to a rectangular frame and a catamaran
drive coupled with the frame, while the catamaran ac-
cording to the invention additionally comprises small
frames kinematically coupled with the rectangular frame,
the number of said small frames is equal to the number
of the floats, and each float is movably connected to the
small frame by two parallel horizontally arranged arms,
main and auxiliary ones, wherein in the top view the floats
are arranged in a snake-like pattern, they alternate along
parallel sides of the rectangular frame and are offset from
each other, for example as follows: the first right one is
pivoted on the arms forwards, the second left one is piv-
oted on the arms backwards, the third right one is pivoted
on the arms forwards, the fourth left one is pivoted on
the arms backwards, the main and auxiliary arms of each
float are connected, respectively, to the main and auxil-
iary torsions of the assembly, main arms of the front and
rear float pairs are interconnected by a rod with the pos-
sibility of their synchronous rotation in one direction,
wherein the rod of the front arms pair is located on top
and the linkage arms have upward orientation, the rod
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of the rear arms pair is located below and the linkage
arms have downward orientation, the front and rear pairs
of main arms are interconnected by a linkage rod with
the possibility of their synchronous rotation in opposite
directions, and the catamaran drive is configured as the
means for converting wave energy into electric energy
and comprises a hydraulic accumulator, a hydraulic mo-
tor, an electric generator, an electric motor drive with pro-
pulsive screw, and double-acting hydraulic cylinders, one
of said double-acting hydraulic cylinders is located be-
tween the linkage rod and the rectangular frame, while
the others are located between the main and auxiliary
arms of each float, and are intended to transform me-
chanical energy resulting from floats up and down move-
ments and/or their swinging in the head-stern direction
into the energy generated through power fluid pressure
change in the hydraulic cylinder chambers in the process
of piston movement and accumulated in the hydraulic
accumulator, the output of which is connected to the hy-
draulic motor kinematically coupled with the electric gen-
erator shaft, having its electric output galvanically con-
nected to the winding of the electric motor drive, while a
propulsive screw is mounted on the shaft thereof, said
propulsive screw allowing the catamaran to move auton-
omously on the waters surface.
[0010] The proposed floating assembly for the conver-
sion of wave energy comprises small frames kinemati-
cally coupled with the rectangular frame. The number of
small frames is equal to the number of the floats. Each
small frame has a float movably attached thereon and
coupled therewith by two horizontal arms with torsions,
i.e. main and auxiliary ones. The main arm with the tor-
sion has two linkage arms attached thereon, one of said
arms being intended for a double-acting hydraulic cylin-
der and another one being intended for linkage rod. One
linkage arm for a double-acting hydraulic cylinder is at-
tached on the auxiliary arm with the torsion. The use of
arms in the form of torsion springs having low torsional
rigidity in the structure allows to simplify it, since optimal
angle of rotation (twist angle) is set for each torsion. A
double-acting hydraulic cylinder is installed between the
main arm and auxiliary arm of the float to convert the
energy of the float swinging in the head-stern direction.
Four small frames with floats are attached to the rectan-
gular frame in such a way that in the top view the floats
are arranged in a snake-like pattern, alternating along
the parallel sides of the rectangular frame and being off-
set from each other (e.g., from front to rear): in the first
right one the arms are turned forward, in the second left
one the arms are turned back, in the third right one the
arms are turned forward, in the fourth left one the arms
are turned back. The main arms of the front pair and the
rear pair of floats are interconnected by the rod allowing
its synchronous rotation in the same direction. The rod
of the front pair of arms is located at the top (linkage arms
have upward orientation), while the rod of the rear pair
of arms is located below (linkage arms have downward
orientation). The front and rear pairs of main arms are

interconnected by the linkage rod allowing their synchro-
nous rotation in the opposite directions. The double-act-
ing hydraulic cylinder is installed between the linkage rod
and frame to convert the energy of floats up and down
movements. Such arrangement and connection of floats
as well as the presence of double-acting hydraulic cylin-
ders in the structure make it possible to convert wave
energy into mechanical energy resulting from floats up
and down movements and/or their swinging in the head-
stern direction into the energy generated through power
fluid pressure change in the hydraulic cylinder chambers
in the process of piston movement and accumulated in
the hydraulic accumulator. The hydraulic accumulator
output is connected to the hydraulic motor kinematically
coupled with the shaft of electric generator that generates
electric energy, which is supplied to a consumer via ca-
ble.
[0011] Unlike the floating assembly for wave energy
conversion, in the autonomous catamaran the output of
the electric generator is galvanically connected to the
winding of the electric motor drive, while a propulsive
screw is mounted on the shaft thereof, said propulsive
screw allowing the catamaran to move autonomously on
the waters surface. For this purpose, the catamaran is
also provided with a rudder, an anchor and a system for
controlling watercraft propulsion on the waters surface.
[0012] At the time of patent information research per-
formed in the process of the present application prepa-
ration the authors have not revealed any constructions
of floating assemblies for the use of wave energy and
autonomous catamarans possessing the above men-
tioned set of essential features, which proves that the
claimed technical solutions comply with "novelty" patent-
ability criterion.
[0013] The technical result obtained through realiza-
tion of the proposed inventions is in creating conditions
to reduce floats resistance to oncoming waves through
uniform continuous distribution of the assembly and/or
catamaran own weight among the four floats, while pro-
viding full mechanical connection between the floats in
the process of wave energy conversion.
[0014] The authors have not revealed the indicated
technical result in the known technical solutions of the
prior art, therefore the proposed assembly and catama-
ran may be deemed to comply with the "inventive step"
patentability criterion.
[0015] The proposed floating assembly for use of wave
energy and autonomous catamaran consist of structural
elements, which may be manufactured using presently
known technological methods, means and materials.
They can be used in various sectors of economy and,
therefore, it is possible to conclude that the proposed
solutions comply with "industrial applicability" invention
patentability criterion.
[0016] The essence of the proposed inventions is fur-
ther explained by schematic drawings, where:

FIG. 1 shows the kinematic diagram of the floating
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assembly for use of wave energy;
FIG. 2 shows the hydraulic and electromechanical
diagrams of the proposed devices;
FIG. 3 shows the small frame with the float;
FIG. 4 shows assembled floating assembly for use
of wave energy;
FIGs. 5, 6 show floating assembly for use of wave
energy in working position (top view);
FIG. 7 shows the floating assembly for use of wave
energy in working position (side view).
FIG. 8 shows a general view of autonomous cata-
maran.

[0017] Floating assembly for use of wave energy
(FIGs. 1, 3) consists of four small frames 1, a rectangular
frame 2, a main arm with a torsion 3, an auxiliary arm
with a torsion 4, linkage arms of the main torsion 5, link-
age arms 6, four double-acting hydraulic cylinders 7,
floats 8, rods 9, linkage rods 10 and a double acting hy-
draulic cylinder 11. For different operating conditions,
float 8 may be made in two versions shown in FIGs. 3
and 6. The proposed assembly is also provided with a
hydraulic system (FIGs. 2, 6), comprising check valves
12 and 13 connected to the flow line 14 (valves 13) and
to the high pressure line 15 (valves 12). The high pres-
sure line 15 is connected to the hydraulic accumulator
16. The hydraulic system comprises a power fluid tank
17 for feeding hydraulic fluid into hydraulic system. Hy-
draulic accumulator 16 is connected through a pressure
regulator 18 to hydraulic motor 19, the shaft of said motor
is connected through the free-wheel clutch 20 to the fly-
wheel shaft 21 and electric generator shaft 22, while the
electric generator outputs generated electric energy to a
consumer via a cable (not shown). In case of low gener-
ated power, the floating assembly for conversion of wave
energy may have a simplified structure shown in FIGs.
5, 6, i.e. on one frame and with one main double-sided
arm 3 for each of the front and rear pairs of floats 8. To
fix the assembly position on the water surface the as-
sembly is equipped with an anchor connected to the
winch mounted on the rectangular frame 2 with an anchor
rope (not shown).
[0018] Autonomous catamaran (FIG. 8), as well as the
floating assembly for use of wave energy, comprises all
the above mentioned elements and, in addition to that,
comprises a deck rigidly fixed on the rectangular frame
2 and intended for placing payload and/or research
equipment and/or deck-house thereon (not shown). In
addition, the electric generator 22 output is galvanically
connected to the winding of the electric motor drive 23,
while propulsive screw 24 is mounted on the shaft there-
of, said propulsive screw allowing the catamaran to move
autonomously on the waters surface. The catamaran
may also contain a backup source, e.g. a battery, for
powering the electric motor drive 23 (not shown). To allow
the catamaran movement on the waters surface, the cat-
amaran is equipped with a system for controlling water-
craft propulsion on the waters surface, an anchor with an

anchor rope and a rudder (not shown). The system for
controlling watercraft propulsion on the waters surface
enables its operation in both manual and autonomous
mode. The known devices such as described, for exam-
ple, in Russian patents Nos. 2248914, 2319641 may be
used as the system for controlling catamaran propulsion
on the waters surface. The system for controlling cata-
maran propulsion on the waters surface comprises a con-
troller allowing to observe the catamaran movement dy-
namics on a special display and also to control its move-
ment in the manual mode, for which purpose it comprises
computer (personal computer with a corresponding soft-
ware product), mode setter, rudder gear, heading, angu-
lar velocity and rudder position sensors connected to the
corresponding inputs of the computer, which ensures
high-quality and safe navigation on the waters surface.
[0019] Floating assembly for use of wave energy op-
erates as follows.
[0020] The position of the floating assembly for the
conversion of wave energy is fixed on a pre-selected part
of the waters using an anchor or an anchor system (not
shown). Effected by oncoming and decreasing waves,
each float 8 (FIG. 3) movably mounted on the small frame
1 using the main 3 and auxiliary 4 arms with torsions,
respectively, moves up and down, and also may rotate.
Meanwhile, the linkage arm of the main torsion 5 and the
linkage arms of the hydraulic cylinders 6 change their
mutual position, which, in turn, results in the translational
movement of hydraulic cylinder piston rod 7 and, through
the rods 9 and 10, the hydraulic cylinder piston rod 11
as well. When a wave arrives, the float 8 closest to it (in
the direction along the rectangular frame 2) moves up
and rotates changing the position of the linkage arms 5
and 6, and the second float 8 moves down and rotates
due to the linkage arms 5 and the rod 9. The second pair
of floats 8 behaves in the same manner. The front and
rear pairs of floats 8 are interconnected through the link-
age arms 5 and the linkage rod 10 in such a way that, in
calm water, the frame 2 is in a horizontal position. To
ensure proper operation and stability of the floating as-
sembly (FIGs. 4, 5, 6) to convert the waves energy, the
linkage arms 5 of the front pair of main arms with torsion
3 have upward orientation, while linkage arms 5 of the
rear pair of main arms with torsion 3 have downward
orientation. A wave passage through the assembly (FIG.
7) causes a change in the mutual position of the floats 8
and the frame 2, and, consequently, a change in the po-
sition of the linkage arms 5, 6, rods 9, 10 and the double-
acting hydraulic cylinder piston rods 7. Double-acting hy-
draulic cylinders 7 move, via check valves 12 and 13,
power fluid from tank 17 through pipelines 14 and 15 into
hydraulic accumulator 16, converting wave energy into
the energy of compressible power fluid (hydraulic fluid).
The power fluid from the hydraulic accumulator 16 drives,
through the pressure regulator 18, the hydraulic motor
19, which rotates the flywheel 21 and the electric gener-
ator 22 via the free-wheel clutch 20, and the electric en-
ergy thus generated is supplied to the consumer via a
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cable running along the anchor rope and on the bottom
of the waters (not shown). Adjusting the sizes of the rec-
tangular frame 2, float 8, main arms with torsion 3, aux-
iliary arms 4, linkage arms 5 and 6, hydraulic cylinders 7
and 11, hydraulic motor 19, and electric generator 22
may allow to optimize the assembly in accordance with
the prevailing conditions at the place of use (wave interval
and height) and to increase or decrease the amount of
electric energy generated.
[0021] The proposed arrangement of structural ele-
ments allows the floating assembly for the conversion of
wave energy to roll smoothly over the waves without me-
chanical stresses of dangerous values arising therein.
This increases the assembly reliability, durability and re-
duces materials consumption. The assembly operation
does not require the use of permanent structures. It is
easy to maintain and operate.
[0022] Autonomous catamaran (FIG. 8) operates as
follows.
[0023] In the proposed autonomous catamaran, the
electric energy is generated in the same manner as in
the floating assembly for use of wave energy, which is
described above. Prior to outbounding, a catamaran deck
is loaded with a payload and its anchor is heaved up.
The catamaran’s hydraulic system converts wave energy
into electric energy, which is supplied to electric motor
drive 23 having a shaft with propulsion screw 24 mounted
thereon and also to the system for controlling catamaran
propulsion on the waters surface. The turned on control-
ler allows to monitor catamaran’s movement dynamics
on a special display and also to control its movement in
manual mode. The controller of the system for controlling
catamaran propulsion on the waters surface makes it
possible to control a vessel movement manually, based
on the heading, angular velocity and rudder position sen-
sors data and with visual control. The control system also
allows autonomous movement of the catamaran on the
waters surface using a computer (personal computer with
a corresponding software product), mode setter, rudder
gear, heading, angular velocity and rudder position sen-
sors connected to the corresponding inputs of the com-
puter, which ensures high-quality and safe navigation on
the waters surface. Since there is practically no absolute
calm in natural waters, the proposed catamaran enables
continuous process of power generation, even with float
8 swinging in the head-stern direction, which provides
for an arbitrarily long autonomous voyage of a catama-
ran.
[0024] The proposed catamaran is simple to manufac-
ture, has reduced resistance to the oncoming waves, in-
creased mechanical strength and, thus, high reliability.

Claims

1. A floating assembly for wave energy use comprising
floats kinematically attached to a rectangular frame
and connected to a means for converting wave en-

ergy into electric energy, characterized in that the
assembly additionally comprises small frames kine-
matically coupled with the rectangular frame, the
number of said small frames is equal to the number
of the floats, and each float is movably connected to
the small frame by two parallel horizontally arranged
arms, main and auxiliary ones, wherein in the top
view the floats are arranged in a snake-like pattern,
they alternate along parallel sides of the rectangular
frame and are offset from each other, for example
as follows: the first right one is pivoted on the arms
forwards, the second left one is pivoted on the arms
backwards, the third right one is pivoted on the arms
forwards, the fourth left one is pivoted on the arms
backwards, the main and auxiliary arms of each float
are connected, respectively, to the main and auxil-
iary torsions of the assembly, main arms of the front
and rear float pairs are interconnected by a rod with
the possibility of their synchronous rotation in one
direction, wherein the rod of the front arms pair is
located on top and the linkage arms have upward
orientation, the rod of the rear arms pair is located
below and the linkage arms have downward orien-
tation, the front and rear pairs of main arms are in-
terconnected by a linkage rod with the possibility of
their synchronous rotation in opposite directions,
and the means for converting wave energy into elec-
tric energy comprises a hydraulic accumulator, a hy-
draulic motor, an electric generator and double-act-
ing hydraulic cylinders, one of said double-acting hy-
draulic cylinders is located between the linkage rod
and the rectangular frame, while the others are lo-
cated between the main and auxiliary arms of each
float, and are intended to transform mechanical en-
ergy resulting from floats up and down movements
and/or their swinging in the head-stern direction into
the energy generated through power fluid pressure
change in the hydraulic cylinder chambers in the
process of piston movement and accumulated in the
hydraulic accumulator, the output of which is con-
nected to the hydraulic motor kinematically coupled
with the electric generator shaft.

2. An autonomous catamaran comprising floats at-
tached to a rectangular frame and a catamaran drive
coupled with the frame, characterized in that the
catamaran additionally comprises small frames kin-
ematically coupled with the rectangular frame, the
number of said small frames is equal to the number
of the floats, and each float is movably connected to
the small frame by two parallel horizontally arranged
arms, main and auxiliary ones, wherein in the top
view the floats are arranged in a snake-like pattern,
they alternate along parallel sides of the rectangular
frame and are offset from each other, for example
as follows: the first right one is pivoted on the arms
forwards, the second left one is pivoted on the arms
backwards, the third right one is pivoted on the arms
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forwards, the fourth left one is pivoted on the arms
backwards, the main and auxiliary arms of each float
are connected, respectively, to the main and auxil-
iary torsions of the assembly, main arms of the front
and rear float pairs are interconnected by a rod with
the possibility of their synchronous rotation in one
direction, wherein the rod of the front arms pair is
located on top and the linkage arms have upward
orientation, the rod of the rear arms pair is located
below and the linkage arms have downward orien-
tation, the front and rear pairs of main arms are in-
terconnected by a linkage rod with the possibility of
their synchronous rotation in opposite directions,
and the catamaran drive is configured as the means
for converting wave energy into electric energy and
comprises a hydraulic accumulator, a hydraulic mo-
tor, an electric generator, an electric motor drive with
propulsive screw, and double-acting hydraulic cylin-
ders, one of said double-acting hydraulic cylinders
is located between the linkage rod and the rectan-
gular frame, while the others are located between
the main and auxiliary arms of each float, and are
intended to transform mechanical energy resulting
from floats up and down movements and/or their
swinging in the head-stern direction into the energy
generated through power fluid pressure change in
the hydraulic cylinder chambers in the process of
piston movement and accumulated in the hydraulic
accumulator, the output of which is connected to the
hydraulic motor kinematically coupled with the elec-
tric generator shaft, having its electric output galvan-
ically connected to the winding of the electric motor
drive, while a propulsive screw is mounted on the
shaft thereof, said propulsive screw allowing the cat-
amaran to move autonomously on the waters sur-
face.
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